There is good evidence from the medical literature that type I syndactyly, the most common form of the nonsyndromic syndactylies, is clinically heterogeneous. We therefore propose to group the condition into four subtypes, which are all autosomal dominantly inherited. Subtype 1, zygodactyly (cutaneous webbing of second and third toe without hand involvement) is the mildest and most common form. The phenotype varies from unilateral minor impression of webbing to bilateral complete webbing of second and third toe including a fusion of nails. Bony involvement is never observed. Subtype 2 is characterized by bilateral cutaneous and/or bony webbing of third and fourth finger, and second and third toe. The phenotype maps on chromosome 2q34-q36 and was designated as SD1 (ie syndactyly 1). The hallmark of subtype 3 is bilateral cutaneous or bony webbing of third and fourth finger, while subtype 4 shows bilateral cutaneous webbing of fourth and fifth toe. Both, subtype 3 and 4, are rare entities. Here, we present clinical and molecular data of a large Pakistani family with zygodactyly that was mapped to a new locus on chromosome 3p21.31 by genome-wide linkage analysis. The highest LOD score (Z max ¼ 3.38) was obtained with microsatellite marker D3S2409. The disease interval is flanked by markers Chr3_4919 and Chr3_4940 encompassing about 0.20 Mb. Since the same phenotype appears not to be linked to this locus in a German family, we predict genetic heterogeneity in zygodactyly and propose to designate the 3p21.31 locus as ZD1 (ie zygodactyly 1).
Introduction
Nonsyndromic syndactylies are common congenital limb malformations. At least nine different types are known, and type I syndactyly seems to be the most frequent form with an estimated prevalence of 3/10 000. 1 -4 Type I syndactyly (MIM 185900) follows an autosomal dominant inheritance with variable expression and incomplete penetrance. Webbing may affect fingers and/or toes, may be unilateral or bilateral, cutaneous or bony, reaches either the level of nails, or solely affects the proximal segments of digits. Occasionally, bony fusion is restricted to the end phalanges forming a bony bridge at the finger tips.
Based on clinical observation, type I syndactyly can be divided into at least four different subtypes. The most frequent subtype, and probably the most prevalent form of all syndactylies, is characterized by bilateral webbing of second/third toe without hand anomalies. This autosomal dominant subtype was originally named zygodactyly. 5 -10 Later, it became accepted to use the term zygodactyly as a synonym for type I syndactyly. 1, 11 No locus is known for this subtype. The second subtype is characterized by bilateral cutaneous third/fourth finger and second/third toe webbing. More severely affected family members may have additional fingers and toes involved, even with bony impairment. 1,10,12 -14 The dominant phenotype was mapped to chromosome 2q34 -q36 in a large German family originally described by Lucken (1939). 13, 14 The gene locus was subsequently confirmed in an Iranian family and was designated as syndactyly type I locus (SD1).
14,15
The other two subtypes are very rare and no gene loci are known for them. The hallmark of the third subtype is bilateral cutaneous or bony webbing of third/fourth finger and occasionally of third/fifth finger. Feet are not involved and the inheritance is autosomal dominant. 10, 16, 17 The fourth subtype (bilateral cutaneous webbing of fourth and fifth toe) was mentioned in an epidemiological study from Brazil. 2 Since neither a detailed clinical description of the phenotype nor the inheritance was given by the authors, the status of subtype 4 remains uncertain. A phenotypic comparison of the four subtypes is presented in Figure 1 as a simplified graph. 4 Here, we present linkage data of a large Pakistani kindred showing that a locus for subtype 1, zygodactyly, maps to chromosome 3p21.31. Since the same phenotype appears not to be linked to this locus in a German family, we predict genetic heterogeneity in zygodactyly and propose to designate the 3p21.31 locus as ZD1 (ie zygodactyly 1).
Subjects

Pakistani family
The pedigree of a large inbred Pakistani family was constructed by interviewing the elders of the family. The inheritance of the phenotype is autosomal dominant and a Figure 1 Zygodactyly maps to chromosome 3p21.31 S Malik et al total of 15 subjects (nine male subjects and six female subjects) are affected ( Figure 3 ). In total, 14 affected and six normal individuals were physically examined. Photographs and X-ray films of hands and feet were taken from two subjects (V-3 and V-7). Blood was collected from 12 affected and five normal subjects after informed consent was given according to the Helsinki II declaration.
Clinical report
Cutaneous webbing of second/third toe (zygodactyly) was found in all affected family members, whereas hand anomalies were not observed. The phenotype is variable throughout the family ranging from partial unilateral to complete bilateral cutaneous toe webbing. According to the phenotypic variability the malformations were categorized into three different groups:
(1) Complete bilateral second/third toe webbing: This group represents the most obvious phenotype and is represented by four individuals (IV-3, V-7, VI-9 and VI-10). The hallmark is symmetrical soft tissue syndactyly of second/ third toe ( Figure 2a ). The webbing is complete and results in a fibular diversion of the terminal phalanges of the second toe including a partial fusion of nails. The X-ray films did not reveal bony fusion of the syndactylous toes, but terminal phalanges of all toes seem to be hypoplastic ( Figure 2b ).
(2) Incomplete bilateral second/third toe webbing: Individuals IV-2, V-3, V-5 and VI-12 depict partial cutaneous syndactyly of second/third toe. The webbing is bilateral, symmetrical and reaches the first phalangeal joint of the toes (Figure 2c) . A fibular diversion of the second toe is not observed. The terminal phalanges of all toes seem to be hypoplastic ( Figure 2d ). German family A similar autosomal dominant second/third toe webbing (zygodactyly) without hand anomaly segregates in a German family ( Figure 4 ). All living family members were examined and blood of five subjects was obtained after an informed consent.
Affected individuals showed cutaneous webbing of second/ third toes and no involvement of hands. Individual IV-1 had normal feet. The phenotypic variability of the malformation was categorized into two groups:
(1) Incomplete bilateral second/third toe webbing: Individuals II-1 and III-2 depict partial cutaneous second/third toe syndactyly. The syndactyly is bilateral and symmetrical, the webbing reaches the first phalangeal joint (Figure 2e ). There was no evidence of bony fusion. Second toes overlap the halluces, a feature which is more pronounced in the left foot (Figure 2e and f) .
(2) Minor bilateral second/third toe webbing: Individual IV-2 has bilateral, minor cutaneous webbing of second/third toes. The webbing does not reach the first phalangeal joint and superficial fusion of involved toes is noticed. Both second toes overlap the halluces.
Genotyping and linkage analysis
Genomic DNA was extracted according to standard methods. 18 To test the candidate locus SD1 on chromosome 2q34 -q36, five microsatellite markers from this region were selected (Table 1) . A genome wide study was conducted by employing a panel of 370 autosomal microsatellite markers from CHLC screening set ver. 6. PCR conditions and allele scoring methods were essentially the same as described earlier. 25 For fine mapping on chromosome 3p21 nine polymorphic microsatellite markers were used ( Table 2) . Polymorphic markers Chr3_4919 and Chr3_4940 were identified from the sequence database (UCSC, Freeze May Zygodactyly maps to chromosome 3p21.31 S Malik et al autosomal dominant with a penetrance of 0.999 and a disease frequency of 0.0001. Equal allele frequencies were assumed for all microsatellite markers. The pedigree was split, and several untyped individuals were removed for conducting multipoint analysis by GeneHunter software, ver. 2.1.
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Results
No evidence of linkage was witnessed between zygodactyly and the SD1 locus in the Pakistani and the German family (Table 1) . Negative LOD scores (oÀ2.00) on chromosome 2q34 -q36 excluded the possibility of a cosegregation of zygodactyly with the SD1 locus. A genome wide screen was conducted using the Pakistani family. The only evidence of linkage was found with marker D3S2409 on 3p (LOD ¼ 3.38; y ¼ 0.00; Table 2 ). Multipoint analysis yielded a LOD score of 2.96. The subsequent saturation of the 3p21 region revealed the telomeric and centromeric boundaries of the locus defined by recombination events in individual IV-3 ( Figure 3 ). The disease locus is flanked by microsatellite markers Chr3_4919 and Chr3_4940 having a physical length of B0.20 Mb.
In the German family, the zygodactyly locus on 3p21.31 shows clear exclusion (LOD ¼ À2.39; y ¼ 0.00; Table 3 ). The haplotype analysis of 3p21.31 region revealed an ancestral haplotype segregating in the affected daughter (IV-2) as well as in the unaffected son (IV-1; Figure 4) . Therefore, the 3p locus appears not to be linked with the zygodactyly phenotype in the German family.
Discussion
There is good evidence from the medical literature that type I syndactyly is clinically heterogeneous and, therefore, we propose to group the condition into four subgroups (Figure 1 ). Subtype 1, zygodactyly, is the mildest and most common form of all syndactylies. The term zygodactyly was first coined by Weidenreich (1923) to describe simple, cutaneous webbing of second/third toe. Osseus impairment or hand anomalies are never observed. The minor anomaly often goes undetected or unmentioned in the clinical examination of a patient, since it has no cosmetic and functional relevance. Autosomal dominant segregation of the phenotype has been reported in various pedigrees over the last hundred years (Figure 1 ). In the present study, we use the term zygodactyly as a synonym for cutaneous webbing of second/third toe. Since the feature second/third toe webbing is part of subtype 1 as well as subtype 2 (Figure 1) , the two are easily confused. Therefore, all affected family members need to be carefully examined for involvement of both, hands and feet. Subtype 2, a distinct hand/foot phenotype, maps to chromosome 2q34 -q36 and the locus was designated as syndactyly type I, SD1.
14 Apart from clinical evidence that subtype 1 and 2 are two distinct phenotypes, the molecular proof came from a linkage study in a Turkish family with zygodactyly. The SD1 locus was clearly excluded in that family (LOD scorerÀ2). 25 We now support these data by presenting additional SD1 exclusion results for zygodactyly in a Pakistani and a German family (LODrÀ2; Table 1 ). We localize the zygodactyly phenotype on chromosome 3p21.31 in the Pakistani family and propose to designate the 3p21.31 locus as ZD1 (ie zygodactyly 1). Zygodactyly appears not to be linked to this region in the German family suggesting a second zygodactyly locus. However, in this family subject IV-1 might be an example of incomplete penetrance. Therefore, the data in the German family do not prove conclusively genetic heterogeneity of zygodactyly.
Since digit number, size and shape are maintained in zygodactyly the responsible gene for the phenotype is likely to inhibit the final stages of apoptosis in the interdigital necrotic zone of second and third toes. In this context, extracellular matrix protein laminin beta-2 (LAMB2) localized near the 3p21.31 critical interval might be a candidate for zygodactyly. Other members of this protein family (eg laminin alpha-5; LAMA5) are known to play an important role in embryogenesis. Mouse embryos lacking Lama5 exhibit multiple developmental defects, including exencephaly and failure of digit septation (ie syndactyly). 26 Work is underway to analyse LAMB2 and further candidate genes in the region for causative mutations.
